Salivary α-amylase is a useful biomarker that can be used in assessing human psychobiological and social behavioural processes. Studying it opens up possibilities for the creation of novel concepts concerning the interaction of biological and social processes and their impact on health and behaviour. MATERIALS AND METHODS: The levels of salivary α-amylase and situation anxiety self-assessment using Spielberger test were measured twice in 30 individuals aged 21.37 ± 0.96 yrs (18 females and 12 males): once during stressful situation (prior to examination) and, again a month later, in stress-free environment (during a training session). Salivary α-amylase was measured using kinetic reaction kit Salimetrics LLC -USA. RESULTS: The mean level of salivary α-amylase measured during the fi rst measurement 156.0 ± 93.33 U/ml. During the second measurement in the absence of intense stress, the levels were two times lower -74.03 ± 58.06 U/ml and the differences were statistically signifi cant (P < 0.001). We found a statistically signifi cant correlation between the levels of salivary α-amylase in both measurements (P < 0.01). The correlation coeffi cient was r = 0.472 (P < 0.01). CONCLUSIONS: The adapted version of the State-Trait Anxiety Inventory score (STAI) created by Spielberger is appropriate for assessment of stress-related anxiety in young individuals. Salivary α-amylase may be used as a biomarker for objective evaluation of the psychosomatic state of individuals in a stressful environment. The combination of psychological test and objective indicator such as salivary α-amylase is an excellent tool for objective evaluation of individual's state in stressful environment. Similar tests may be used in assessment of patients' behaviours at dental treatment that may be considered a stressor in most patients.
INTRODUCTION
The medium of oral fl uids presents opportunities for studying biologically active substances related to various processes in the organism. When these substances have diagnostic or prognostic value they are referred to as biological markers (biomarkers) and their study in saliva is incorporated in a modern approach known as "oral-based diagnostics". [1] [2] [3] Studying such biomarkers that can be used to assess human psychobiology and socio-behavioural processes makes it possible for researchers to introduce new concepts concerning the interaction of biological and social processes and their impact on health and behavior. 4 Test have been developed for psychological assessment of anxiety as a prerequisite for the psychological response to stress such as the social stress test (TSST), the Spielberger test of situational response to stress, etc. [5] [6] [7] [8] [9] These tests are subjective and diffi cult to apply in children. Modern science is looking for marker that are easy to apply and accurate enough to make an assessment of stress psychobiology.
The main systems in human body basically associated with stress psychobiology are the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system. [10] [11] [12] There are two major markers that can be found in saliva: the salivary cortisol, associated with the former system and the salivary α-amylase that is associated with the latter. The serological mediators of the sympathetic activity are the catecholamines, which are very diffi cult to study in blood samples. 13 Recent research has demonstrated that salivary α-amylase may be used as indirect marker of sympathetic nervous system activity. There is evidence of individual differences in the levels of salivary α-amylase associated with differences in individual behaviour in stress. [14] [15] [16] Unlike most diagnostically important salivary substances entering the saliva through the systemic circulation by active transport or by passive diffusion, salivary α-amylase is produced locally in the cells of the salivary glands and is directly infl uenced by sympathetic innervation of the gland. Alpha-amylases are included in the glycoside hydrolase family 13; the function of α-amylase is to break down the portions of carbohydrate taken by the mouth. 17 Evidence from comparative studies shows that changes in the levels of salivary α-amylase are a more accurate indicator of an individual's response to stress compared to those of cortisol, because of the higher sensitivity of the sympathetic nervous system compared to the complex hypothalamicpituitary-adrenal hormone axis. Correlation between both markers at the beginning and at the end of a stress producing experiment has been found by many researchers [18] [19] [20] ; we have also found such correlation (unpublished results).
The relationship between the salivary α-amylase level and psychological predisposition to certain diseases and conditions has been studied only recently. The conclusions that can be drawn at this stage is that individual differences in the levels of salivary α-amylase are associated with both the "internalization" (social alienation, anxiety, depression) and the "externalization" (aggression and symptoms of behavioural disorders). [21] [22] [23] [24] [25] These studies prompted us to investigate the salivary α-amylase in stress situations so that we can suggest this enzyme to be used as a biomarker in stress psychobiology research.
AIM
To study the levels of salivary α-amylase and state anxiety in adolescents in stressful environment. 1. Assessment of the state anxiety in the study sample using the self-report anxiety assessment test introduced by Spielberger; 2. Measurement of the salivary α-amylase in young people in stressful environment; 3. Correlation between Spielberger test and salivary α-amylase during the experiment.
MATERIALS AND METHODS

STUDY PARTICIPANTS
The present study recruited 30 third-year dental students (mean age 21.37 ± 0.96 yrs, 18 females and 12 males) and exposed them to a stressful situation (immediately before an exam) and stress-free situation (during an exercise tutorial). The participants were given the self-assessment anxiety test suggested by Spielberger, the StateTrait Anxiety Inventory score (STAI), adapted in Bulgarian by D. Shtetinski and I. Paspalanov. 9, 26, 27 Salivary α-amylase in samples of unstimulated saliva was analyzed in parallel.
The study was conducted in two stages: -First stage -before the exam (participants in a stressful situation) -use of STAI-s test and analysis of salivary α-amylase;
-Second stage -30 days after the exam in a stressor-free situation -use of STAI test (s-scale and t-scale) and analysis of salivary α-amylase.
The inclusion criteria for participation in the study were: 1) no use of drugs that affect the sympathetic innervation (blood pressure controlling drugs), nicotine, and caffeine, and 2) no consumption of carbohydrate rich food 48 hours prior to test. These conditions are known to affect the α-amylase level in the mouth.
Samples of saliva for analysis of salivary α-amylase. The enzyme may be detected in 10 μl of saliva. A sample of unstimulated saliva was collected in the morning on an empty stomach, at least ½ hour after brushing teeth. The saliva was collected in plastic containers for 10 minutes after rinsing the mouth with distilled water. A certain amount (2 ml) was taken from the container using pipette, placed in a micro tube and frozen in a refrigerator (at -20 °C).
Spielberger's State-Trait Anxiety Inventory test. The test consists of two subscales (1) the Sscale which evaluates anxiety as a transitory state and (2) the T-scale which evaluates anxiety as a personality trait, measuring relatively stable individual differences in anxiety proneness. Individual differences affect cognition, as well as the type and dynamics of human defence mechanisms. Both scales have 20 items. The S-scale evaluates how respondents feel at a particular time of perceived threat stress, while the second one (T-scale) -how they anticipate they would feel in general during hypothetical stressful situations. A 4-point scale is used to rate the intensity of feeling: in the S-scale -not at all, somewhat, a great deal, completely, We used the S-scale in 30 students before the examination in Pediatric Dental Medicine (in a stressful environment) and one month later, during a exercise tutorial in Pediatric Dental Medicine (stress-free environment), and the T-scale -only in the second assessment.
The study is part of a project authorized by the Ethics Committee of Scientifi c Research at the Medical University -Sofi a. Informed consent was obtained from every participant.
Method for quantitative measurement of α-amylase in salivary samples. Salivary α-amylase was measured by kinetic reaction. The kinetic reaction kit Salimetrics LLC -USA used includes chromatogenic substrate (2-chloro-p-nitrophenol) linked with maltotriose. The enzyme reaction with this substrate results in formation of 2-chloro-pnitrophenol and yellow colour measured by spectrophotometry, with a standard reader. Activeness of salivary α-amylase is proportional to the increasing absorption of light with a wavelength of 405 nm (optical density) for a period of 2 min. Individual levels are relatively stable and are sensitive to environmental changes in psychological stressors.
Statistics. Statistical data was analysed using with SPSS v.16 (SPSS Inc.Chicago USA). We used analysis of variance (descriptive statistics); quantifi able results are presented as mean ± standard deviation (SD). Paired samples t-test was used to compare means. A value of P < 0.05 was considered statistically signifi cant.
RESULTS
State anxiety assessment of the study sample usin g Spielberger's test STAI.
The total score was calculated from the completed questionnaires: the S-scale (before examination) and the S-and T-scales 1 month after the exam as instructed in the test instruction manual. 3 The results are shown in Table 1 .
The mean score for state anxiety (S-score) in the fi rst test (before examination) was signifi cantly greater than the one (S-score) in the second stage in a relaxed environment (p < 0.0001). Anxiety as a character trait (T-score), measured in the second stage was signifi cantly correlated with anxiety as a transitory state (S-score) from the same study (r = 0.394, P < 0.05).
The relationships for all participants are presented in the Figs 1 and 2.
Greater mean scores of S1 scale (in stressful environment) compared to S2 scores (in stressfree environment) were found in all participants indicating higher level of anxiety during a stressful situation. The statistically signifi cant lower score in the second stage shows that anxiety decreases in a relaxed environment.
In the second stage, conducted in a stress-free environment, the observed correlation (P < 0.05) between the mean scores for state anxiety (S-scale) and anxiety as a character trait (T-score) of the two tests supports the concept that state anxiety Analysis of salivary α-amylase in subjects during stressful situation. Mean levels of salivary α-amylase in both stages of test are presented in Table 2 . Table 2 . Levels of salivary α-amylase observed in experiment The mean level of salivary α-amylase in the rst stage of test was 156.0 9 .
ml. n the second stage in the absence of strong stressors the level was two times lower -4.0 5 .06 ml and the difference was statistically signi cant ( 0.001). There was also signi cant correlation between the level of salivary α-amylase in both measurements ( 0.01). The correlation coef cient was r 0.4 2 ( 0.01). Figure shows clearly the relationship between the first and second measurements of salivary α-amylase for all participants with the lower mean scores of salivary α-amylase observed in the second assessment (in a relaxed environment).
Relationship between Spielberger's STAI test and salivary α-amylase during the experiment.
There was no correlation between mean anxiety scores and salivary α-amylase in both assessments ( 0.05). This can be easily accounted for by the fact that these two indicators are essential completely. Salivary α-amylase is an ob ective mar er of the sympathetic nervous system function while the mean score of state anxiety is a sub ective indicator obtained from self-reported answers to speci c uestions. The combination of both measures however provides suf cient ob ective information about the psychosomatic state of participants in stress and in a relaxed environment.
DISCUSSION
The present study found a two-fold increase of salivary α-amylase concentration in stress and its decrease while measured in a stress-free situation. Similar research has been nding similar results in recent years. 12 1 1 19 Salivary α-amylase increases in response to stressful conditions: physical exercise and exposure to heat and cold (sharp change in T) examination Trier Social Stress Test (watching very negative pictures (car crashes) and participating in exhaustive exercises. 21 22 25 t was as bac as 1990 in a series of studies conducted by Chatterton et al. that a correlation was found between the salivary α-amylase level and the components of the sympathetic nervous system in the body when it is involved in a stress response. 1 Shea A et al. measured salivary α-amylase in mothers and their infants (6-10 months) sub ected to emotional distress and found that these are positively correlated. Similar results have been reported when separating infants from their mothers. 22 Correlation between behaviour salivary α-amylase levels and salivary cortisol was found in -9-yearold children. Correlation has been found between behaviour teaching staff and health in school children. The salivary α-amylase levels are associated with aggressive behaviour in boys while the poststress level of salivary α-amylase vary depending on the internali ation in girls. [19] [20] [21] A series of studies have found different interrelationships between salivary α-amylase behaviour and cognition leading to the obvious conclusion that salivary α-amylase may be a biomar er associated with physiological processes infl uenced by psychological behavioural and social processes. our research which is the fi rst in our country that studies this enzyme in unstimulated saliva samples.
CONCLUSIONS
The adapted Bulgarian version of STAI inventory by Spielberger for state anxiety assessment is a useful measure of anxiety in young individuals in stress;
Salivary α-amylase may be used as a biomarker for objective assessment of individual psychosomatic state of in stressful environment;
The combination of psychological test and objective indicator such as salivary α-amylase concentration is an excellent tool for objective evaluation of individual's state in stressful environment.
Similar tests may be used in assessment of patients' behaviors in dental treatment that may be considered a stressor in most patients.
